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57 ABSTRACT 
In a high speed optical scanning system using mechani 
cal scanning by a rotating polygon, an afocal telescope 
system images radiation on to the rotating polygon 
which effects line scanning. Frame scanning is effected 
by an angularly reciprocating mirror. 

12 Claims, 4 Drawing Figures 
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1. 

NFRA-RED SCANNER 

This invention relates to optical scanning systems, 
with particular, but not exclusive, reference to infra-red 
scanning. 

It is known to use mechanical scanning systems to 
direct light onto a radiation detector or array of detec 
tors from successive regions of a scene being viewed, 
that is, in effect to scan the scene by means of the detec 
tor. Such scanning is commonly effected in a succession 
of parallel lines forming a "picture' or "frame', each 
frame being made up of a given number of lines and 
each frame scan being repeated at intervals to provide a 
substantially continuous scan of the scene. 
A problem associated with mechanical scanning sys 

tesm of the kind used for infra-red radiation, as com 
pared with the electronic scanning system used in the 
visible region of the spectrum, for example in television 
cameras, is that extremely high rotational speeds of the 
mechanical parts are necessary to achieve an acceptable 
scanning rate. For example, a "picture' made up of 240 
lines (substantially less than the number of lines in a 
television picture) scanned at 25 frames per second 
requires a line scanning rate of 6000 lines per second. To 
achieve such a scanning rate mechanically it is common 
to employ a transverse array of detectors which scan a 
"band' made up of a number of lines, rather than indi 
vidual lines, enabling a "banded' picture to be built up. 
A practical limitation to this approach is that of the 
matching the adjoining scanned bands of the "picture' 
and of matching the individual detectors in the detector 
array. For this reason consideration has been given to 
effective high speed mechanical scanning systems capa 
ble of scanning individual lines at an acceptable rate, 
and it is with such scanning systems that the present 
invention is concerned. 
According to the present invention there is provided 

an optical scanning system in which successive line 
scans of a scene are made by a radiation detector which 
receives radiation reflected from successive faces of a 
rotating polygon, the radiation from the scene being 
directed onto each successive face of the polygon in a 
substantially parallel beam by an afocal optical system 
which eliminates optical field curvature. 
The use of a rotating polygon to effect mechanical 

scanning is of course, well known. The greater the 
number of faces on the polygon, the greater the line 
scanning rate which can be achieved. In practice, how 
ever, a large number of polygon faces entails a polygon 
of large diameter which in turn sets a limit on the rota 
tional speed of the polygon. To enable the polygon to 
rotate at high speed it is preferably made from a single 
piece of material, for example by machining. 
The afocal optical system, as well as eliminating opti 

cal field curvature, also substantially eliminates the 
"pupil scan" which otherwise would occur where a lens 
system is used to attain a narrow angle of view at the 
polygon. 

Preferably the afocal optical system comprises a tele 
scope operating at effectively infinite image distance. 
The telescope may have a front lens and a rear lens 
which images the effective aperture of the front lens 
onto each successive face of the polygon. Preferably 
both lenses are aspheric and are optimised for flat field. 

Alternatively, the afocal optical system may com 
prise a reflective telescope which may be corrected 
both for field curvature and astigmatism. Such reflect 
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2 
ing telescope may include a first concave mirror which 
directs the incident radiation into a second, narrower 
aperture mirror which in turn directs the radiation in a 
beam through a central aperture in the first mirror onto 
each successive face of the rotating polygon. The sec 
ond mirror may be flat, convex, concave or a Mangin 
type mirror associated with a correcting lens element. A 
lens element may be provided to direct the radiation 
reflected from the second mirror onto the polygon in a 
substantially parallel beam: this lens element may con 
veniently be located in the central aperture of the first 
mirror. A lens or correcting plate may be disposed in 
the path of the radiation incident on the first mirror 
from the scene being scanned. At least three of the 
surfaces in the optical system of the reflecting telescope 
should be aspheric to achieve the desired aberration 
correction. 

Since the present invention employs a polygon hav 
ing a relatively small number of faces is capable of rotat 
ing at high speed the "frame' scanning of the scene 
cannot in practice be effected by a progressive "an 
gling' of successive faces of the polygon with respect to 
an axis perpendicular to the axis of rotation of the poly 
gon. According therefore to the present invention the 
"frame' scan of slower speeds than the line scan ef 
fected by the polygon, and transverse to the direction of 
the line scan, is effected by a mirror which makes rota 
tional oscillations about an axis perpendicular to the axis 
of rotation of the polygon, and including a relay optical 
system which directs radiation reflected by the succes 
sive faces of the polygon onto the oscillating mirror, 
and thence onto the detector, without introducing any 
substantial aberrations. 
The relay optical system may include a concave im 

aging mirror arranged with its centre of curvature sub 
stantially coincident with the centre of the each poly 
gon face when the latter is reflecting radiation into the 
mirror at the centre of a line scan, and a beam deflecting 
mirror arranged substantially at the focal plane of the 
imaging mirror, with an elongation parallel to the axis 
of rotation of the polygon, for directing the radiation 
beam reflected by the imaging mirror onto the oscillat 
ing mirror, which is positioned at substantially the same 
optical path length from the imaging mirror as the said 
polygon face. A lens may be arranged to image the 
radiation beam reflected by the oscillating mirror onto 
the detector. 1. 

The invention will now be described, by way of ex 
ample, with reference to the accompanying purely 
schematic drawings in which: 

FIG. 1 is a diagrammatic representation of an optical 
telescope system associated with a rotating polygon, in 
an optical scanning system according to one embodi 
ment of the invention; 
FIG. 2 is a ray diagram illustrating a reflecting 

aspheric optical system associated with a rotating poly 
gon in an alternative optical scanning system according 
to the invention; 
FIG. 3 illustrates one form of relay optical system 

associated with the rotating polygon in the embodiment 
of FIG. 1 or FIG. 2, in order to produce frame scan 
ning, and 

FIG. 4 is a diagrammatic view of the relay optical 
system shown in FIG. 3, viewed from the direction of 
arrow IV, with the rotating polygon removed. 

Referring to FIG. 1 a rotating polygon 1 in this exam 
ple a hexagon, is shown, mounted for rotation about its 
longitudinal axis 0, for effecting line scanning of a scene 
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as "viewed' by the detector (not shown) in infra-red 
radiation. The radiation from the scene is directed onto 
a face of the polygon 1 by an afocal telescope system 
comprising, in the embodiment of FIG. 1, a front lens 
L1 and a rear lens L2. The rear lens L2 images the 
diameter of the front objective lens L1 onto the polygon 
face so that the "pupil scan' problem, that is, the move 
ment of the illuminated "patch" on the face of the poly 
gon in the opposite direction to the direction of rotation 
of the polygon, is effectively eliminated. Both the lenses 
L1 and L2 are aspheric, the combination being opti 
mized to achieve either a flat field at the polygon face or 
zero astigmatism. In practice the combination would be 
optimized to provide a substantially flat field at the 
polygon face, since this results in this minimum picture 
aberration. 

In FIG. 1 the internal focal plane of the lens system is 
designated by the chain-dotted line F, and the radiation 
path from an off-axis object point is shown in broken 
lines. 

In order to correct for both field curvature and astig 
matism a reflecting light gathering system should be 
employed, as illustrated in FIG. 2. The incident radia 
tion is collected by a first wide aperture concave mirror 
M1 which directs the radiation into a second narrower 
aperture mirror M2 which may be flat, convex, con 
cave, or in the form of a mangin type mirror with an 
associated correcting lens element. The mirror M2 re 
flects the radiation through a central aperture in the 
mirror M1, a lens L2 being located in this aperture to 
produce a substantially parallel beam which is directed 
onto each successive face of the rotating polygon 1. In 
the reflecting system shown in FIG. 2 three of the opti 
cal surfaces should be aspheric in order to achieve the 
requisite aberration correction. A correcting plate or 
lens L1 may be provided as a further aberration correct 
ing element. 

In effect the telescope optical systems illustrated in 
FIGS. 1 and 2 demagnify the scan of the polygon, 
matching a system pupil which is effectively at the 
polygon face. 
The rotating polygon 1 shown in FIGS. 1 and 2 pro 

vide scanning of the incident radiation in one direction 
only, namely the line scanning direction. To build up a 
picture with each complete scan of the detector or 
detector array a frame scan is required, at a slower 
speed, transverse to the direction of line scanning. To 
effect such frame scanning a flat frame scan mirror is 
provided which makes rotational oscillations about an 
axis perpendicular to the axis of rotation of the polygon 
1. After reflection at each successive face of the rotating 
polygon the radiation is directed onto the reciprocating 
mirror by a relay optical system which is such that it 
does not introduce aberrations. One form of such sys 
tem is illustrated in FIGS. 3 and 4. The system includes 
a concave imaging mirror M3 which is located with its 
centre of curvature at the centre of the reflecting face of 
the polygon when the latter is at the centre of a given 
line scan. A beam deflecting flat mirror M4 is located at 
the focal plane of the concave mirror M3, that is, one 
half the radius of the mirror M3 from the surface of the 
latter, with its length parallel to the axis of rotation 0 of 
the polygon 1. The mirror M4 reflects radiation onto 
the reciprocating mirror M5, the axis of rotational oscil 
lation of which is indicated by P in FIG. 3. The radia 
tion reflected by the oscillating mirror M5 is gathered 
by a lens L3 and imaged onto a detector or detector 
array D. 
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4. 
The oscillation speed of the mirror M5 is related to 

the rotational speed of the polygon 1 so that the com 
bined oscillation of the mirror M5 and rotation of the 
polygon 1 causes the detector to "see" successive areas 
of the scanned scene in a succession of line scans each 
occupying a "frame" so that a "picture" is formed by 
the successive frames. The speed of frame scanning will 
be determined by the rate of oscillation of the mirror 
M5 and the speed of line scanning by the rate of rotation 
of the polygon 1. 

It is arranged that the optical path length between the 
concave mirror M3 and the oscillating mirror M5 is 
substantially the same as that between the mirror M3 
and the reflecting face of the polygon 1 - that is, the 
distance M4-M5 is equal to one half of the radius of the 
concave mirror M3. In this way first order optical aber 
rations are eliminated, since the effective pupil is at the 
centre of curvature of the mirror M3, which therefore 
produces no coma or astigmatism. The mirror M3 does, 
however, produce field curvature, but this is compen 
sated by the reciprocating mirror M5. Any residual 
spherical aberration in the reflecting system can be 
corrected either by suitable asphericity of a surface in 
the associated telescope of FIG. 1 or FIG. 2, or by 
asphericity of the lens L3. 
The F/number of the detector system is given by the 

angle of convergence of the radiation beam directed 
onto the detector D by the lens L3. 

It will be noted that since the surface of the polygon 
is imaged by the concave mirror M3 onto the recipro 
cating mirror M5 the mirror M5 is also located at an 
effective system pupil. Thus no pupil scan occurs at the 
reciprocating mirror M5 or at the detector D. 
What we claim is: 
1. An optical scanning system for making successive 

line scans of a scene, comprising in combination: 
a radiation detector, 
a regular rotary polygon having flat external reflec 

tive faces, 
an afocal optical system substantially free of optical 

field curvature for directing radiation from a scene 
to be scanned in a substantially parallel beam onto 
each successive face of the rotary polygon, 

a flat frame scanning mirror arranged for rotational 
oscillations about an axis perpendicular to the axis 
of rotation of the polygon to effect a frame scan of 
slower speed than the line scan effected by the 
rotary polygon, and 

a relay optical system interposed between the rotary 
polygon and the frame scanning mirror, the relay 
optical system comprising: 

a. a concave imaging mirror arranged with its centre 
of curvature substantially coincident with the cen 
tre of each polygon face when the latter is reflect 
ing radiation into the mirror at the centre of a line 
scan, and 

b. a beam deflecting mirror arranged substantially at 
the focal plane of said concave mirror, with an 
elongation parallel to the axis of rotation of the 
polygon, for directing the radiation beam reflected 
by the imaging mirror onto the frame scanning 
mirror, the latter being positioned at substantially 
the same optical path length from said imaging 
mirror as said polygon face. 

2. A scanning system according to claim 1, in which 
the afocal optical system comprises a telescope operat 
ing at effectively infinite object distance. 
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3. A scanning system according to claim 2, in which 
the telescope has a front lens and a rear lens which 
images the effective aperture of the front lens onto each 
successive face of the polygon. 

4. A scanning system according to claim 3, in which 
both lenses are aspheric and optimised for either flat 
field or zero astigmatism. 

5. A scanning system according to claim 1, in which 
the afocal optical system comprises a reflecting tele 
scope corrected for field curvature and astigmatism. 

6. A scanning system according to claim 5, in which 
the reflecting telescope includes a first concave mirror 
which directs the incident radiation into a second, nar 
rower aperture mirror which in turn directs the radia 
tion in a beam through a central aperture in the first 
mirror onto each successive face of the rotating poly 
gon. 

7. A scanning system according to claim 6, including 
a lens element which directs the radiation reflected 
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6 
from the second mirror onto the polygon in a substan 
tially parallel beam. 

8. A scanning system according to claim 6, in which 
a correcting element is disposed in the path of the radia 
tion incident on the first mirror from the scene being 
scanned. 

9. A scanning system according to claim 6, in which 
the second mirror is selected from the group comprising 
a flat mirror, a convex mirror, a concave mirror, and a 
Mangin type mirror associated with a correcting lens 
element. 

10. A scanning system according to claim 1, including 
a lens arranged to image the radiation beam reflected by 
the frame scanning mirror onto the detector. 

11. A scanning system according to claim 1, in which 
the rotating polygon is made from a single piece of 
material. 

12. A scanning system according to claim 11, in 
which at least three surfaces in the optical system are 
aspheric. 
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